Golden root (Roseroot, Rhodiola rosea L., Crassulaceae) has been used in Chinese traditional medicine to enhance the body's resistance against fatigue and to extend human life.
The plant is distributed globally in arctic regions, including Northern Asia, Alaska and northern parts of Europe, and it has been connected to number of biological activities, such as effects on prolyl endopeptidase inhibition, 2) antiallergic effects, 3) effect to memory and learning, 4) antidepressant and anti-inflammatory effects 5) and effects in cancer therapy. [6] [7] [8] [9] [10] The main compounds responsible for these activities are believed to be phenylpropanoid tyrosol (1) , its glucoside salidroside (p-hydroxyphenylethyl-O-b-D-glucopyranoside) (2) and
phenylpropenoids rosin (cinnamyl-O-b-D-glucopyranoside) (3), rosarin (cinnamyl-(6Ј-O-a-L-arabinofuranosyl)-O-b-D-glucopyranoside) (4) and rosavin (cinnamyl-(6Ј-O-a-L-arabinopyranosyl)-O-b -D-glucopyranoside) (5)
, which are reported to be pharmacologically active as antioxidants and neurostimulants. 11, 12) Also some other phenylpropenoids, such as sachaliside 1, (4-hydroxycinnamyl-O-b-D-glucopyranoside) (6) and 4-methoxy-cinnamyl-O-b-D-glucopyranoside (7) have been isolated from the callus cultures of the plant. 13) This paper reports the isolation of compounds 1-7 along the four compounds 8-11, of which 8 and 9 are novel natural compounds and 10 and 11 are not isolated from R. rosea be-fore.
Results and Discussion
Compounds were identified according their UV spectra, high-resolution mass spectra, fragment ion mass spectra (collision induced dissociation, CID) obtained by triple quadrupole instrument and one-and two-dimensional NMR experiments (total correlation spectroscopy (TOCSY), correlation spectroscopy (COSY), heteronuclear single quantum coherence-distortionless enhancement by polarization transfer (HSQC-DEPT) and heteronuclear multiple bond correlation (HMBC)). Collision induced dissociation experiments were performed from 10 mM ammonium acetate solution, colliding [MϩNa] ϩ and [MϩNH 4 ] ϩ ions in positive ion mode and [MϪH] Ϫ ion in negative ion mode with argon gas. The proton-proton coupling constants were obtained from the 1 H spectrum and phase-sensitive COSY spectra and refined with PERCH spectral analysis software. 14) Chemical shifts for 13 C were obtained from HSQC and HMBC spectra.
Spectroscopic data obtained from compounds 1-2, 15) 3-5, 16) 6, 13,17) 7, 13) 10 18) and 11 19) were in very good agreement with the structures and the earlier measurements.
For compound 8 the high resolution ESI/TOF mass spectrum showed [MϩNa] ϩ at m/z 451.1600, that was consistent with molecular formula C 20 , H-9b) . Coupling constant 17.3 Hz between olefinic protons H-7 and H-8 suggests clearly them being in trans geometry to each others. Chemical shifts and coupling constants of sugar residues showed that they were b-glucopyranose and b-xylopyranose. The absolute configurations were not determined, but most probably the both glucose and xylose are in D-configuration, as commonly in nature. A doublet signal of glucose anomeric proton H-1Ј appeared at 4.46 ppm with the coupling constant 8.5 Hz and the doublet signal of xylose anomeric proton H-1Љ had a chemical shift 4.34 ppm with coupling constant 8.7 Hz. HMBC correlations from H-9a/b to C-1Ј and from H-1Ј to C-9 confirmed the attachment of glucose unit to aglycon, and the position of xylose unit was confirmed in a similar manner by correlations from H-1Љ to C-6Ј and from H-6Јa/b to C-1Љ.
For compound 9 the high resolution ESI/TOF mass spectrum showed [MϩNa] ϩ at m/z 481.1661, that was consistent with molecular formula C 21 , H-9b) . A singlet signal for methoxide protons was observed at 3.75 ppm. Coupling constant 17.3 Hz between olefinic protons H-7 and H-8 suggests the trans conformation of the double bond. Chemical shifts and coupling constants of sugar residues were practically identical with those of 5, and showed that the sugars were b-glucopyranose and a-arabinopyranose. Similarity of the NMR data with that of 5 gives also a reason to assume that the glucose occurs probably as a D-form and arabinoside as a L-form, as in 5. A doublet signal of glucose anomeric proton H-1Ј appeared at 4.46 ppm with the coupling constant 8.8 Hz and the doublet signal of arabinose anomeric proton H-1Љ had a chemical shift 4.29 ppm with coupling constant 8.4 Hz. HMBC correlations from H-1Ј to C-9 confirmed the attachment of glucose unit to aglycon, and the position of arabinose unit was confirmed by correlations from H-1Љ to C-6Ј and from H-6Ј b to C-1Љ.
Experimental
The CID fragmentation mass spectra were measured with Micromass Quattro II triple quadrupole mass spectrometer and exact mass measurements with Micromass LCT time-of-flight instrument. In both instruments electrospray ionization source was used. The samples were introduced into instrument using syringe pump at flow rate of 10 ml/min. The capillary voltages used were 3.1 kV and sample cone voltages 25-35 V. The source temperatures used were 120°C and the desolvatation temperatures 150°C. Nitrogen was used as both drying and nebulizing gas with flow rates of 600 l/h and 200 l/h, respectively. In CID measurements the collision energy used was 25-40 eV and the collision gas used was argon in 1.6ϫ10
Ϫ3 mbar pressure. The NMR spectra were acquired at 11.7 T on a Bruker DRX 500 spectrometer. The samples were dissolved in D 2 O and a 70-100 ml sample volume was used together with Shigemi NMR tubes (susceptibility matched to water) and a BBI probe head equipped with z-axis gradient coils. Typically a 0.4-0.8 s acquisition time with 2 s relaxation delay was used for 1 H experiments, with or without water suppression that was performed by excitation sculpting method by Hwang and Shaka. 21) For TOCSY and COSY experiments a 0.4 s acquisition times and 1.6 s relaxation delays were used together with 128 or 256 increments and varying number of experiments. Mixing time used for TOCSY were 120-160 ms. For HSQC-DEPT and HMBC experiments 128 increments and varying number of experiments were acquired with 0.5 s acquisition times and 1.4 s relaxation delays, optimizing J CH couplings for 145 Hz and 4-10 Hz, respectively. The 1 H chemical shifts were referred to water signal at 4.72 ppm.
1 H-NMR spectra were iterated using PERCH spectral analysis software.
14)
Plant Material The plant material of R. rosea was grown on Botanical Gardens at University of Oulu.
Extraction and Isolation Fifteen grams of freeze-dried root of the plant were powdered and extracted with 1 l of methanol/water 3/2 (v/v) solution for 60 min in ultrasonic bath. The extract was centrifuged for 5 min in 7000 rpm and the supernatant was dried and reconstructed to 100 ml of 10% aqueous methanol. The non-soluble precipitate was filtered off with Buchner filter and the solution was concentrated to 15 ml with rotary evaporator. This solution was filtered with Gelman GHP acrodisc 0.45 mm syringe filters before fractionating the solution to three parts with Waters 2690 Alliance HPLC system using Waters Symmetry300 C18 3.9ϫ150 mm column with 5 mm particle size. The fractions were collected from 150 HPLC runs with 100 ml injections with Isco Foxy 200 fraction collector. HPLC gradient consisted of laboratory purified water (A) and acetonitrile (B). The initial gradient conditions for isolation were 98% A: 2% B, that chanced linearly to 97% A: 3% B in 8 min, then linearly to 93% A: 7% B in next 11 min, then to 88% A: 12% B in one minute, and finally to 87% A: 13% B in next 22 min. The first fraction was collected at retention time 6-9 min, second at 15-18 min and third at 25-29 min. The fractions were purified with semipreparative Waters Xterra RP18 4.2ϫ250 mm column with 5 mm particle size. For fraction one isocratic eluent system containing 3% acetonitrile in water was used, yielding compounds 1-2 and 10. For fraction two eluent system used consisted of 6% acetonitrile in water during 0-6 min and then linear gradient of 6-22% acetonitrile during 6-48 min, which yielded the compounds 6 and 11. For the fraction three an isocratic eluent system consisting of 13% acetonitrile in water was used, yielding the compounds 3-5 and 7-9. Flow rate used for all eluent systems in purification was 0.85 ml/min at 35°C. The purified compounds were dried under nitrogen atmosphere at 80°C.
Cinnamyl-(6Ј-O-b-xylopyranosyl)-O-b-glucopyranoside (8) C-NMR data in Table 1 .
